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Understanding the genetic components of NIR spectra
D. Diepeveen, G.P.Y. Clarke, M. Bellgard, R. Appels
Abstract: 
A  novel  analytical  approach  was  used  to  identify  associations  between  NIR  spectral 
fingerprints  and  segments  of  chromosomes  indicating  that  genetic  factors  contribute  to 
variation in NIR spectra.
 
  The basis for identifying the genetic factors was the process of removing environmental 
and experimental variability from the spectra using spatial mixed models. 
 These corrected spectra were combined with the analysis of wheat lines from a genetically 
structured population derived from a Carnamah by WAWHT2046 doubled haploid (DH) set 
of F1 progeny. 
  The association of chromosome segments with variations in particular wavelengths in the 
NIR  spectra  was  established  using  all-subset  regression  and  canonical  correlation 
methodology.    
Materials and Methods
A field trial of a Carnamah/WAWHT2046 double haploid (DH) population 
plus  control  varieties  was  grown  in  2003  at  Wongan  Hills.  It  was 
designed as a partially replicated pq-randomised experimental design 
(Cullis  et  al.,  2006).  The  design  was  produced  by  Dr  K  Stefanova 
(DAFWA) using DiGGer software (Cullis et al 2006). 
Grain  samples  were  collected  from  each  plot,  conditioned  to  13% 
moisture  content  and  milled.  In  accordance  with  the  design,  there 
were 200 samples (121 DH + 8 controls partially replicated).
Each sample was scanned with  FOSS and BRUKER NIR instruments at 
0.5nm intervals between 400nm and 2499.5 nm. 
Each spectrum comprised light reflectances at 4200 distinct wavebands. 
Thus the data consisted of 200 x 4200 records.   
Fitting a statistical mixed model
A linear mixed model (Cullis et al., 1996; Smith et al., 2001) was fitted to 
this  data  giving  Best  Linear  Unbiased  Predictions  (BLUPs)  for  the 
genetic  effects  adjusted  for  environmental  variation  in  the  field  and 
laboratory. This analysis was extended to include variation in the order 
in which the samples were milled within and between days.   
Identifying critical genetic components of NIR spectra
The  NIR  spectra  for  each  DH  line  relative  to  Carnamah.  The  spectra  have  had 
environmental components removed. The x-axis is the individual wavelengths between 
400nm  and  2500nm.  The  y-axis  is  difference  in  absorbance  between  Carnamah  and 
each line.   
Carnamah x WAWHT2046 molecular genetic map
A population of 89 DH lines was characterized using 468 molecular markers.  The 
characterization  provided  the  basis  for  building  a  genetic  map 
( http://wheat.pw.usda.gov/ggpages/maps.shtml#wheat) (Appels, 2002; Carollo 
et al., 2005; GrainGenes, 2010b). 
The  characterisation  of  the  DH  wheat  lines  by  the  molecular  markers  allowed 
sections of the genetic map to be assigned to either parent A (Carnamah) or 
parent  B  (WAWHT2046).  This  provided  a  basis  for  describing  the  graphical 
genotype for each line (see next slide) where sections of chromosomes share 
molecular markers that originate from one parent only. 
Subpopulations  of  DH  lines  were  defined  to  have  a  particular  chromosome 
segment from one parent “substituted” into an otherwise random background of 
genetic  material  from  either  parent.  The  subpopulations  defined  in  this  way 
provided a particularly useful means for investigating the genetic contributions 
that are made to a complex “trait” such as NIR spectra, by specific chromosome 
regions.
The resulting data gives a 89 x 43 marker-group dataset   
Graphical genotype illustration of lines from a total of 89 showing marker alleles from 
only one parent.  The molecular genetic map in the left panel is for chromosome 5A from 
the  Carnamah  x  WAWHT2046  and  is  available  from 
http://ccg.murdoch.edu.au/cmap/ccg-live/.    The  graphical  genotypes  in  the  right  panel 
illustrate, in red, that lines can be identified that specifically share the same alleles of the 
molecular markers for map-region 5A-1 (21 lines for A allele, 35 lines for B allele), 5A-2 
(27 lines for A allele and 10 lines for B allele), and 5A-4 (12 lines for A allele and 13 lines 
for B allele) from one of the parents.  This can be carried out for any map-region and 
provides the basis for associating a trait with a map region originating from one of the 
parents used in the cross.
Illustration of Graphical Genotype   
Relating NIR to marker groups
There are three steps in this analyses
  The BLUPs for 4200 wavebands were reduced to those for 11 wavebands selected on 
the basis of exhibiting the greatest genetic variance. The NIR information is now in 
the form of a 89 x 11 matrix of light readings.
  The marker information originally based on 468 markers for 89 genotypes, was 
reduced to a 0,1 scoring system based on 43 marker regions. The regions were defined 
from contiguous parts of the chromosomes and the score of 1 was given if a marker in a 
given group exhibited the same allele as Carnamah and a 0 for WAWHT2046 allele. The 
marker information is now in the form of an 89 x 43 matrix.
  How do we now relate the NIR matrix to the marker matrix?   
All-subset regression
Firstly we ran an all-subsets regression to relate each NIR waveband separately to all 43 
marker regions using the R library “leaps” (Miller, 2002).This reduced the 43 regions to 
the most significant 21.
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X490 X1790
1                         *                 0.1 -1.2 1                         *                 0.1 0.1
2                         *   *             0.2 -2.6 2         *               *                 0.2 -4.3
3                 *       *   *             0.2 -3.3 3         *               *             *   0.3 -8.1
4                         *   *     * *     0.3 -3.3 4   *     *               *   *             0.3 -11.6
5             *           *   *     * *     0.3 -3.2 5   *     *               *   *         *   0.4 -14.7
6             * * *       *   *     *       0.3 -2.8 6   *     *             * *   *         *   0.4 -16.2
7           * * * *       *   *         *   0.3 -2.1 7   *     *             * *   *     *   *   0.4 -16.7
8           * * * *       *     *   *   *   0.4 -1.9 8   * *   *             * *   *     *   *   0.5 -17.7
9           * * * *       *   * *   *   *   0.4 -1.6 9   * *   *   *         * *   *     *   *   0.5 -18.1
10   *       * * * *       *   * *   *   *   0.4 -1.1 10   * *   *   *         * *   *   * *   *   0.5 -18.4
11 * *       * * * *       *   * *   *   *   0.4 1.1 11   * *   *   *     *   * *   *   * *   *   0.6 -17.5
12 * *       * * * * *     *   * *   *   *   0.5 3.4 12   * *   *   *   * *   * *   *   * *   *   0.6 -17.1
X575 X1900
1                             *             0.1 1.8 1                         *                 0.1 0.1
2                         *   *             0.1 -0.9 2         *               *                 0.2 -4.9
3         *               *   *             0.2 -2.0 3         *               *             *   0.3 -8.8
4                         * * *           * 0.2 -2.7 4   *     *               *   *             0.3 -12.9
5         *               * * *           * 0.3 -2.1 5   *     *               *   *         *   0.4 -16.0
6   *     *               *   *   *       * 0.3 -0.9 6   *     *             * *   *         *   0.4 -17.8
7   *     *               * * *   *       * 0.3 -0.8 7   *     *             * *   *     *   *   0.5 -18.4
8   * *   *               *   *   * *     * 0.4 0.8 8   * *   *             * *   *     *   *   0.5 -20.2
9   * *   *   *           *   *   * *     * 0.4 2.0 9   * *   *   *         * *   *     *   *   0.5 -20.8
10   * *   *   *   *       *   *   * *     * 0.4 3.7 10   * *   *   *         * *   *   * *   *   0.5 -20.7
11   * *   *   *   *       *   *   * *   * * 0.4 5.7 11   * *   *   *     *   * *   *   * *   *   0.6 -19.8
12   * *   *   *   *     * *   *   * *   * * 0.4 8.5 12   * * * *   *     *   * *   *   * *   *   0.6 -18.4
X1030 X2150
1             *                             0.1 -0.9 1                         *                 0.1 0.0
2             *                         *   0.2 -2.7 2         *               *                 0.2 -4.5
3             *           *             *   0.2 -3.5 3         *               *             *   0.3 -8.4
4             *           * *           *   0.3 -3.5 4   *     *               *   *             0.3 -12.0
5             *           * * *         *   0.3 -2.3 5   *     *               *   *         *   0.4 -15.0
6         *   *           * * *         *   0.3 -1.3 6   *     *             * *   *         *   0.4 -16.9
7     *   *   *           * * *         *   0.3 0.3 7   *     *             * *   *     *   *   0.5 -17.7
8     *   *   *       *   * * *         *   0.4 1.9 8   * *   *             * *   *     *   *   0.5 -19.4
9     *   *   *       *   * * *         * * 0.4 3.9 9   * *   *   *         * *   *     *   *   0.5 -19.5
10     *   *   *         * * * *   *     * * 0.4 5.9 10   * *   *   *         * *   *   * *   *   0.5 -19.7
11     *   *   *       * * * * *   *     * * 0.4 7.9 11   * *   *   *     *   * *   *   * *   *   0.6 -19.1
12   * *   *   *       * * * * *   *     * * 0.4 10.8 12   * * * *   *     *   * *   *   * *   *   0.6 -17.7
X1275 X2350
1                         *                 0.1 0.0 1                         *                 0.1 0.2
2         *               *                 0.2 -4.2 2         *               *                 0.2 -4.5
3         *               *             *   0.2 -7.6 3         *               *             *   0.3 -8.3
4   *     *               *   *             0.3 -11.3 4   *     *               *   *             0.3 -12.1
5   *     *               *   *         *   0.4 -13.9 5   *     *               *   *         *   0.4 -15.2
6   *     *             * *   *         *   0.4 -15.9 6   *     *             * *   *         *   0.4 -17.1
7   *     *             * *   *     *   *   0.4 -15.6 7   *     *             * *   *     *   *   0.5 -17.9
8   * *   *             * *   *     *   *   0.5 -15.6 8   * *   *             * *   *     *   *   0.5 -19.5
9   * *   *   *         * *   *     *   *   0.5 -16.1 9   * *   *   *         * *   *     *   *   0.5 -19.4
10   * *   *   *         * *   *   * *   *   0.5 -16.5 10   * *   *   *         * *   *   * *   *   0.5 -19.6
11   * *   *   *   *     * *   *   * *   *   0.5 -16.0 11   * *   *   *     *   * *   *   * *   *   0.6 -18.8
12   * *   *   *   * *   * *   *   * *   *   0.6 -16.2 12   * * * *   *     *   * *   *   * *   *   0.6 -17.4
X1490
1                         *                 0.1 0.0
2         *               *                 0.2 -4.3
3         *               *             *   0.3 -8.3
4   *     *               *   *             0.3 -11.9
5   *     *               *   *         *   0.4 -15.1
6   *     *             * *   *         *   0.4 -17.0
7   *     *             * *   *     *   *   0.5 -17.9
8   * *   *             * *   *     *   *   0.5 -19.3
9   * *   *   *         * *   *     *   *   0.5 -19.8
10   * *   *   *         * *   *   * *   *   0.5 -20.0
11   * *   *   *     *   * *   *   * *   *   0.6 -19.0
12   * *   *   *   * *   * *   *   * *   *   0.6 -18.1
R
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Canonical correlation
Next, canonical correlation analysis was carried out with all possible sets of up to 7 
wavebands at a time and 21 marker regions using R package “cancor” (R Development 
Core Team, 2010). A series of such analyses eventually identified the most significant 6 
marker groups related to 6 wavebands.
Significant wavebands (nm)
X490 X575 X1030 X1275 X1490 X1790 X1900 X2150 X2350
8
0.740 * * * * * * * *
0.730 * * * * * * * *
0.723 * * * * * * * *
7
0.722 * * * * * * *
0.719 * * * * * * *
0.712 * * * * * * *
6
0.698 * * * * * *
0.695 * * * * * *
0.694 * * * * * *
5
0.678 * * * * *
0.677 * * * * *
0.672 * * * * *
4
0.638 * * * *
0.637 * * * *
0.635 * * * *
3
0.610 * * *
0.543 * * *
0.528 * * *
2
0.487 * *
0.451 * *
0.436 * *
number of 
wavebands in the 
number of 
number of w
Canonical      
correlation       
Canonical  
Canonical      
Final solution
 Best subset of marker-groups is:
– M5A.4, M1B.2, M3DL.1, M7D.2, M1A.1, M7A.1 
 Best subset of NIR spectra is:
– 490nm, 575nm, 1030nm, 1790nm ,2150nm, 2250nm
Diepeveen D., G.P.Y. Clarke, K. Ryan, A. Tarr, W. Ma, R. Appels (2010) “NIR 
spectra of flour samples from a structured population of wheat lines: mapping 
genetic components of NIR spectra” Journal of Cereal Science (submitted)   
Conclusions
 We have demonstrated that it is feasible to use NIR 
spectra to describe genetic features from DH wheat 
germplasm and differentiate among the genotypes 
involved.
 This can lead to multivariate techniques for genotype 
selection and improved incorporation of information from 
pedigrees.   
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Plot of canonical scores (spectra vs markers)
The points in the figure represent each germplasm (i.e. 89) canonical scores from canonical 
component 1 (i.e. 74% of the variability). The lines represent the best linear combination of 
spectra (i.e. 490nm, 575nm, 1030nm, 1790nm, 2150nm, 2350nm) and marker-groups (i.e. 
M1A.1, M1B.2, M3DL.1, M5A.4, M7A.1, M7D.2 from the first canonical component. 
“  ” = Carnamah; “  ” = WAWHT2046
NIR Marker